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Green Infrastructure benefits of permeable pavement

Permeable pavements (https://stormwater.pca.state.mn.us/index.php?title=Permeable_pave
ment) allow stormwater runoff to filter through surface voids into an underlying stone reservoir

where it is temporarily stored and/or infiltrated (https://stormwater.pca.state.mn.us/index.php?titl m':f:..
e=Stormwater_infiltration Best Management Practices).

While designs vary, all permeable pavements have a similar

structure, consisting of a surface pavement layer, an underlying

stone aggregate reservoir layer, optional underdrains, and PICP
geotextile over uncompacted soil subgrade. From a hydrologic

perspective, permeable pavement is typically designed to il
manage rainfall landing directly on the permeable pavement din oo ——ofE
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accelerates permeable pavement surface clogging.
Additionally, the capacity of the underlying reservoir layer
limits the contributing drainage area (https://stormwater.pc
a.state.mn.us/index.php?title=Contributing_drainage_area and basic components of a pervious concrete
_to_stormwater BMPs). system.

Schematic illustrating typical permeable
interlocking concrete pavement cross section

Permeable pavement can be used in conjunction with other
stormwater measures to ensure maximum benefit. Examples include

= permeable pavement built with underground cisterns, vaults, or other treatment devices;

= permeable pavement used with harvest and reuse (https://stormwater.pca.state.mn.us/index.php?title=St
ormwater_and_rainwater_harvest_and_use/reuse) systems for irrigation;

= increased vegetation options at a site due to increased groundwater accessibility; and

= systems in which other infiltration methods are difficult to achieve or may cause detrimental effects.
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Different types of permeable pavement include

interlocking pavers,
= pervious concrete,
= porous asphalt, and
plastic grid pavers

Permeable pavement can also be used to increase the safety of a site as it has been shown to increase traction and
prevent ice accumulation on roadways during adverse weather. (USGS) (https://www.usgs.gov/centers/upper-midw
est-water-science-center/science/evaluating-potential-benefits-permeable-pavement).

For more information on permeable pavements please click here (https://stormwater.pca.state.mn.us/index.php?title
=Permeable pavement).
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Green infrastructure and multiple benefits

Green infrastructure (GI) encompasses a wide array of practices, including stormwater management. Green
stormwater infrastructure (GSI) encompasses a variety of practices primarily designed for managing stormwater
runoft but that provide additional benefits such as habitat or aesthetic value.

There is no universal definition of GI or GSI (link here fore more information (https://stormwater.pca.state.mn.us/i
ndex.php?title=Green_infrastructure and green stormwater infrastructure terminology)). Consequently, the
terms are often interchanged, leading to confusion and misinterpretation. GSI practices are designed to function as
stormwater practices first (e.g. flood control, treatment of runoff, volume control), but they can provide additional
benefits. Though designed for stormwater function, GSI practices, where appropriate, should be designed to deliver
multiple benefits (often termed "multiple stacked benefits"). For more information on green infrastructure,
ecosystem services, and sustainability, link to Multiple benefits of green infrastructure and role of green
infrastructure in sustainability and ecosystem services.

Green Infrastructure benefits of infiltration practices

= Water quality (https://stormwater.pca.state.mn.us/index.php?title=Water quality benefits of Green Storm
water Infrastructure): Pollutants are removed through stormwater runoft reduction via infiltration.
Permeable pavements are very effective infiltration practices though they typically are small in size and
require frequent maintenance.

= Water quantity and hydrology (https://stormwater.pca.state.mn.us/index.php?title=Water quantity and hy
drology benefits of Green Stormwater Infrastructure): Permeable pavement provides reduction in total
water volume movement and retardation of peak flow from rainfall events. Helps protect from downstream
flooding and can be used in conjunction with reuse systems to reduce required water consumption for onsite
irrigation. Infiltration also recharges local groundwater.
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pavements are typically Benefit Effectiveness Notes
cehergy ln'tenSI\}fle durll‘l’t{g thel Benefits are maximized for bioinfiltration.
construct‘lon phase, e Cyele | yyter quality “ ) Biofiltration may export phosphorus if not designed
cost §mdles suggest they can properly.
provide energy savings once
built. These savings are Water. 9 Bioinfiltration helps mimic natural hydrology. Some
associated with reduced quantity/supply rate control benefit.
requiremepts for treatment, Energy savings ™
water savings, reduced snow
and ice maintenance. Climate o™ Provides some rate control. Impacts on carbon
Permeable pavements can resiliency sequestration are uncertain.
also be comblned Wlth other | ... quality ®
energy saving practices, such
as harvest and reuse, and Habitat O Use of perennial vegetation and certain media mixes
with energy supply practices improvement promote invertebrate communities.
such as ground source heat Community o Aesthetically pleasing and can be incorporated into a
pumps (Antunes et al., 2018; | Iivability wide range of land use settings.
Coupe et al., 2009; Hui et al.,
2020; Imran et al., 2013; Health benefits o
X&{ang etla.ltl ’ 212[: 8).' J/st t Economic o Generally provide cost savings vs. conventional

ir quality ( pS.' stormwa savings practices over the life of the practice.
er.pca.state.mn.us/index.php?
title=Air quality benefits of Individual bioretention practices are typically

Green Stormwater Infrastr | Macroscale ™ microscale, but multiple bioretention practices, when
. . o benefits incorporated into a landscape design, provide

ucture): In areas adjacent to
permeable pavements,
reduced use of deicers
decreases salt dispersion via
air pathways. Permeable
pavements may result in

macroscale benefits such as wildlife corridors.

Level of benefit: O - none; ®; - small; D - moderate; @ - large; 0. very high

lower air emissions associated with traffic and snow clearing equipment.

Climate resiliency (https://stormwater.pca.state.mn.us/index.php?title=Climate benefits of Green Stormw
ater Infrastructure): Helps alleviate the impact on flooding for small- and medium-intensity storms and
runoff events. Saves water when combined with reuse systems.

Habitat improvement (https://stormwater.pca.state.mn.us/index.php?title=Wildlife habitat and biodiversit
y_benefits of Green Stormwater Infrastructure): Permeable pavement provides minimal habitat benefit,
but can be combined with vegetative systems. Reduction in water temperature changes as a result of volume

flow reduction.

Community livability (https://stormwater.pca.state.mn.us/index.php?title=Social benefits of Green Storm
water Infrastructure): Well designed permeable pavement practices helps to protect recreation sites for
people by ensuring safe and healthy access to water sources. Permeable pavements can be aesthetically

pleasing and provide safety features compared to traditional pavements (US EPA (https://www.epa.gov/heati
slands/using-cool-pavements-reduce-heat-islands#:~:text=Benefits%20and%20Costs&text=Reduced%20stor
mwater%20runoft%20and%20improved,reducing%20runoft%20and%20filtering%?20pollutants.)).

= Health benefits (https://stormwater.pca.state.mn.us/index.php?title=Social benefits of Green Stormwater
Infrastructure): Water quality benefits associated with reduction of nutrients, pathogens, metals, TSS, and
phosphorus via infiltration. Provides improved safety features compared to traditional pavements by
infiltrating water quickly through the pavement, less pooling of water, and reduced ice formation. Minimizes
mosquito breeding by avoiding standing water on site.

= Economic savings (https://stormwater.pca.state.mn.us/index.php?title=Social benefits of Green Stormwat
er_Infrastructure): In addition to water quality and flood control benefits, properly installed permeable
pavers can prevent downstream cleanup needs. Permeable pavement can increase property aesthetics that
increase property value, particularly when combined with vegetated systems.
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Design considerations

Maximizing specific green infrastructure (GI) benefits of constructed areas requires design considerations prior to
installation. While site limitations cannot always be overcome, the following recommendations are given to
maximize the GI benefit.

Caution: Permeable pavement SHOULD NOT be used in areas of high traffic volume, with heavy equipment, or
with frequent start and stopping

Caution: The following discussion focuses on design considerations. All benefits delivered by the practice require
appropriate construction, operation, and maintenance of the practice. O&M considerations should be included
during the design phase of a project. For information on O&M for GSI practices, see Operation and maintenance of
green stormwater infrastructure best management practices

= Water quality and water quantity/hydrology: These
benefits are combined since permeable pavement design
focuses on infiltration, with the subsoil having less

PERMEABLE PAVEMENT

impact on pollutant retention compared to other by 8oy i | iy
infiltration practices such as bioinfiltration, where R ———

. ] . . ACTIVITIES PROHIBITED:
organic matter can be incorporated into the design. SANDING

= Ensure the subgrade is flat. Since roads are RE-SEALING
typically sloped, utilize terracing in the subgrade RE-SURFACING
to achieve flat slopes. See page 5 of the North R
: AL SIOpes. Sec pag STORAGE OF MULCH OR SOIL

Carolina design guidance (https://files.nc.gov/ncd STORAGE OF SNOW PILES

eq/Energy%20Mineral%20and%20Land%20Reso STORAGE OF HEAVY LOADS

urces/Stormwater/BMP%20Manual/C-5%20%20P APPLICATION OF SALT OR DE-CERS

ermeable%20Pavement%2004-06-17.pdf).

. . . Example sign to be placed adjacent to
» Incorporate signage into the design to ensure

maintenance activities do not affect the infiltration ~ Permeable pavements. Source: North
properties of the pavement. Caroline Department of Environmental
» Design to maximize retention time and prevent Quality (https://files.nc.gov/ncdeq/Energy%o2

short-circuiting. Storage may be increased by use OMineral%20and%20Land%20Resources/Sto
of geotextile subgrades. An example is presented

by Nnadi et al, (2014). rmwater/BMP%20Manual/C-5%20%20Perm

» Plan for the expected loading on the permeable eable%20Pavement%2004-06-17.pdf).
pavement and ensure capabilities and reduce
compaction or clogging
= Use in conjunction with other treatments to establish a treatment train or reuse water on site
= Some research has been conducted into use of geotextiles and other amendments for enhancing water
quality treatment. See Ostrom and Davis (2019) and Nnadi et al. (2014).
= Energy:
= [f feasible incorporate energy sources into the design, such as solar arrays and ground source heat
pump systems
= Climate resiliency:
= Established systems using permeable pavement reduces the runoff impact on surrounding waterways
through decreased pollutant loads and increased infiltration
= Permeable pavement systems can be established to support vegetation through water reuse systems,
promoting further enhancement of water
= Habitat improvement: Permeable pavement has minimal benefit for habitat but can be combined with
vegetated practices. See habitat benefits for bioretention (https://stormwater.pca.state.mn.us/index.php?title=
Green_Infrastructure benefits of bioretention), tree trenches (https://stormwater.pca.state.mn.us/index.php?
title=Green_Infrastructure benefits of tree trenches and tree boxes), and swales (https://stormwater.pca.st
ate.mn.us/index.php?title=Green Infrastructure benefits of vegetated swales).
= Community livability:
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= When appropriate and feasible, incorporate
vegetated practices or harvest and reuse systems
(see Beechem et al., 2010) into the design to
improve aesthetics and provide additional water
quality and quantity benefits.
= Incorporation of vegetation promotes mental
health
= Health benefits:
= Choose pavements to maximize traction in cold
climates
= Economic benefits and savings:
= Reduction in maintenance cost for vegetation if
water reuse system is used in conjunction with
permeable pavement
= Integrate vegetation into the landscape design to

Photo of the completed tree system for the

create habitat, pathways, picnic areas, etc. Central Corridor Light Rail Transit project,
St. Paul, Minnesota. This system combines
Recommended reading permeable pavement with a tree trench
system. Image courtesy of the Capitol Region
= A Systematic Review of the Hydrological, Watershed District (http://www.capitolregion
Environmental and Durability Performance of wd.org/).

Permeable Pavement Systems (https://www.mdpi.com/2
071-1050/13/8/4509/htm) - Sambito et al.,
Sustainability, 13(8), 4509; https://doi.org/10.3390/su13084509

» Evaluating the potential benefits of permeable pavement on the quantity and quality of stormwater runoff (ht
tps://www.usgs.gov/centers/upper-midwest-water-science-center/science/evaluating-potential-benefits-perme
able-pavement) - United States Geological Survey
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